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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in the application: 
Claims 1-53 (Canceled) 

54, (Currently amended) A solar cell comprising: 
a germanium substrate; rad 

a layer of material including In and P selected from the group consisting of InP and 
InGaP d isposed directly on tiic germanium substrate^^and 

a diffused photoactive germanium junction in the substrate . 

55, (Previously presented) A solar cell as defined in claim 54, wherein the layer of 
material is InGaP, 

56. (Previously presented) A solar cell as defined in claim 54, fiirther comprising a 
top solar subcell fomxed from InGaP, a middle solar subceil formed from GaAs, and a lower 
solar subcell formed in the germanium substrate. 

57, (Canceled) 

58. (Currently amended) A solar cell as defined in claim [[57]] 54* wherein the 
diffused junction is formed by the diOusion of arsenic into the germanium substrate. 

59. (Previously presented) A solar cell as defined in claim 54, wherein the layer of 
material has a lattice parameter substantially eqxial to the lattice parameter of the germaniimi 
substrate. 

PALOaLTO (2K) "2" 

PA(£(il36*RCVDAT4l26f20064:42:11PM [Eastern Dayflghtrimel'Sm^ 



04/26/2006 12:43 FAX 6502138159 WHITE & CASE 121007/036 

AppL No. 09/885,319 

Amdt dated April 26, 2006 

Reply to OfHce action of Oct. 26, 2005 

60. (Previously presented) A solar cell as defined in claim 54, wherein the layer has 
a thickness equal to 3S0 Angstroms or less. 

61 . (Previously presented) A solar cell defined in claim 54^ wherein the cell is 
capable of photoactively converting radiation ranging flx)m approximately ultraviolet (UV) 
radiation to radiation having a wavelength of approximately 1800 nm. 

62. (Previously presented) A solar cell defined in claim 58, wherein the jimction in 
the germanium substrate layer is located between 0.3 ^m and 0.7 \xm from the top surface of 
the gennanium substrate, 

63. (Currently amended) A solar cell as defined in claim 54 [[57]], wherein the diflused 
germanium substrate forms a first cell layer and has a dopant diffusion profile that optimizes 
the current and voltage generated therefi'om. 

64. (Previously presented) A solar cell as defined in claim 54, wherein the cell has 1 
sun AMO efficiencies in excess of 26%. 

65. (Currently amended) A solar cell comprising: 
a gennanium substrate; 

a solar subcell layer overlying said substrate and composed ot least in port of GaAs; and 
a barrier layer overlying said substrate and underneath said GaAfl containing solar 

subcell layer and functioning to inhibit the diffusion of arsenic from the GoAfl oontoining the 

solar subcell layer into the germanium substrate, 

pajuoaltq lac) -3 - 
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66. (Previously presented) A solar cell as defined in claim 65, further comprising a 
solar subcell formed in the germanium substrate. 

67. (Currently amended) A solar cell as defined in claim 66, wherein the subcell 
formed in the germanium substrate is fonned from [[a]] an n-type germanium laver o vcrlvine a 
p-type germanium substrate. 

68. (Previously presented) A solar cell as defined in claim 67, wherein the n-type 
germanium layer is forhied by diffusion of arsenic into the germanium substrate. 

69. (Previously presented) A solar cell a defined in claim 67, herein the n-type 
gennanium layer is formed by diffusion of phosphorous into the germanium substrate. 

70. (Previously presented) A solar cell as defined in claim 67, wherein the n-type 
germanium layer is formed by diffusion of both arsenic and phosphorous into the germanium 
substrate. 

7 1 . (Currently amended) A solar cell as defined in claim 65, wherein the barrier 
layer is composed of InGoP; InGaP, InP, or GaP. 

72. (Previously presented) A solar cell as defined in claim 65, wherein the barrier 
layer has a thickness of approximately 350 Angstroms or less. 

73. (Previously presented) A solar cell as defined in claim 65, further comprising a 
two step diffusion pu-ofile in the germanium substrate with two different dopants. 

74. (Previously presented) A solar cell comprising: 
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a first cell including a germanium (Ge) substrate having a diffusion region doped with 
n-type dopants including phosphorus and arsenic, wherein the upper portion of such diffusion 
region has a higher concentration of phosphorus (P) atoms than arsenic (As) atoms^ and 

a second cell including a layer of either gallium arsenide (GaAs) or indium galliimi 
arsenide (InGaAs) disposed over the substrate. 

75. (Previously presented) A solar cell as recited in claim 74, further comprising a 
nucieation layer deposited over said substrate that has a lattice parameter substantially equal to 
the lattice parameter of the germanium substrate. 

76. (Previously presented) A solar cell as recited in claim 75, wherein the nucieation 
layer is a compound of InGaP- 

77. (Previox^ly presented) A solar cell as recited in claim 75, wherein the nucieation 
layer has a thickness equal to 350 angstroms or less, 

78. (Previously presented) A solar cell defined in claim 74, wherein the solar cell is 
capable of photoactively conveitiiig radiation from ^proximately ultraviolet (UV) radiation to 
radiation having a wavelength of approximately 1800 nm. 

79. (Currently amended) A solar cell defmed in claim 74, wherein [[tfte]] a junction 
in the germaniimi substrate is located between 0.3 \xm and 0.7 |xm from the top surface of the 
germaniimi substrate. 
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80. (Currently amended) A solar ceU as defined in claim 74, wherein [[the]] diffused 
phosphorus and arsenic in the germanium substrate has a diffusion profile that optimizes the 
current and voltage generated in fhe first cell. 

I 

8 1 . (Previously presented) A solar cell as defined in claim 75, wherein the solar cell has 
1 sun AMO efficiencies in excess of 26^. 

82. (Previously presented) A solar cell as defined in claim 74, further comprising a 
third cell disposed over the second cell layer. 

Claims 83-97 (Canceled) 

98. (New) A triple-junction solar cell comprising: 

a first cell comprising a gemiamum (Ge) substrate having first and second diffusion 
regions doped with n-type dopants, wherein the second diffusion region lies deQ)er into the Ge 
substrate than the first diffusion region, wherein the first diffusion region has a higher 
concentration of phosphorus (P) atoms than arsenic (As) atoms and the second diffusion region 
has a higher concentration of As atoms than P atoms; 

a nucleation layer disposed over the Ge substrate of the first cell; 

a second cell layer comprising one of gallium arsenide (GaAs) and indium gallium 
arsenide (InGaAs) disposed over the nucleation layer; and 

a third cell layer comprising indium gallium phosphide (InGaP) disposed over the 
second cell layer. 

99. (New) The triple-junction solar cell as recited in Claim 98 wherein the nucleation layer 
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comprises a material having a lattice parameter substantially equal to the lattice 
parameter of the germanixim substrate. 



100. (New) The triple-junction solar cell as recited in Clairn 98 wherein the nucleation layer 
comprises InGaP. 



lOL (New) The triple-junction solar cell as recited in Claim 98 wherein the nucleation layer 
has a thickness substantially equal to 350 A or less. 



1 02. (New) The triple-junction solar cell as recited in Claim 98, wherein the triple-junction 
solar cell is capable of absorbing radiation ranging from approximately ultraviolet (UV) 
radiation to radiation having a wavelength of approximately 1 800 nm. 



103. (New) The triple-junction solar cell as recited in Claim 98 wherein the junction depth 
in the first cell layer is substantially between 0.3 |im and 0.7 fim. 



104. (New) Tlie triple-junction solar cell as recited in Claim 98 having 1 sun AMO 
efficiencies in excess of 26%. 



105. (New) A triple-junction solar cell comprising: 

a dtial-junction structure comprising a first junction and a second junction; 

a third junction having a p-type substrate^ wherein the third junction is doped with 
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arsenic (As) and phosphorus (P), wherein the p-type substrate includes first and second 
diffusion sublayers, wherein P atoms have higher concentration compared to As atoms in the 
first diffusion sublayer and As atoms have a higher concentration compared to P atoms in the 
second diffusion sublayer; and 

a nucleation layer disposed between the dual-junction structure and the third junction 
and comprising a material that shares a substantially similar lattice parameter with the p-type 
substrate of the third junction^ wherein the nucleation layer serves to control the diffusion of 
arsenic atoms into the substrate. 

106. (New) The tripl&-junction solar cell as recited in Claim lOS wherein the p-type 
substrate of the third junction is germanium (Ge) and the nucleation layer comprises 
indium gallium phosphide (InGaP). 

107. (New) The triple-junction solar cell as recited in Claim 105 wherein the nucleation 
layer has a thickness substantially equal to 350 A or less. 

1Q8. (New) The triple-jiuiction solar cell as recited in Claim 105 wherein the junction depth 
of the third junction is substantiaUy between 0.3 \xm and 0.7 fim. 

1 09. (New) The triple-junction solar cell as recited in Claim 1 05 wherein the third junction 
comprises a two-step diffusion profile capable of optimizing current and voltage 
generated from the third junction. 

rAL0ALT05Mn(zK) -8- 
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110. (New) The triple-junction solar cell as recited in Claim 105 having 1 sun AMO 
efficiencies in excess of 26%. 

111. (New) The triple-junction solar cell as recited in Claim 1 05 capable of absorbing 
radiation ranging fiom approximately ultraviolet (UV) radiation to radiation having a 
wavelength of approximately 1 800 nm. 

1 12. (New) A multj-Jxinction solar cell comprising: 

a p-type geimanium (Ge) substrate having a first surface, wherein the p-type Ge 
substrate further includes a first diffusion sublayer situated adjacent to the first surface of the p- 
type Ge substrate and a second diffusion sublayer situated adjacent to the first diffusion 
sublayer; 

an indium gallium arsenide (InGaAs) nucleation layer disposed over the first surface of 
the p-type Ge substrate, \^erein flie InGaAs niicleation layer provides n-type phosphorus (P) 
atoms to the first diffusion sublayer, wherein the first diffusion sublayer has a higher 
concentration of P atoms than arsenic (As) atoms; and 

a Gallium Arsenide (GaAs) buffer layer disposed over the InGaAs nucleation layer, 
wherein the GaAs buffer layer provides h-type As atoms to the second diffusion sublayer in 
response to the thickness of the InGaAs nucleation layer. 

113. (New) The multi-junction solar cell of claim 1 12, further comprising a second surface 
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situated at the bottom of the multi-junction solar cell. 

114. (New) The multi-junction solar cell of claim 11 2» wherein the second diffusion 
sublayer has a higher concentration of As atoms than P atoms. 

lis. (New) A multi-junction solar cell comprising: 

a p-type germanium (Ge) substrate having a first surface, wlierein the p-type Ge 
substrate fiirther includes a diffusion portion having a first diffusion region situated adjacent to 
the first surface of the p-type Ge substrate and a second diffusion region, which includes a part 
of the first diffusion region, wherein the second diffusion region diffuses deeper into the Oe 
substrate than the first diffusion region; 

a phosphorus (P) containing nucleation layer disposed over the first surface of the p- 
type Ge substrate, wherein the P containing nucleation layer provides n-type P atoms to the first 
diffusion region; and 

an arsenic (As) containing buffer layer disposed over the P containmg nucleation layer, 
wherein the As containing buffer layer provides n-type As atoms to the second diffusion region 
in response to the thickness of the P containing nucleation layer, wherein the second diffusion 
region has a higher concentration of As atoms than P atoms. 

1 16. (New) The multi-junction solar cell of claim 115, fiirther comprising a second surface 
situated at the bottom of the multi-junction solar cell. 
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1 1 7. (New) The multi-junction solar cell of claim 1 1 5, wherein the first difftision region has 
a higher concentration of P atoms than As atoms. 

118. (New) A multi-junction solar cell comprising: 

a germanium (Ge) substrate having a first diffusion region and a second diffusion 
region, wherein the second diffusion region dif&ises deeper into the Ge substrate than the first 
diffusion region; 

a phosphide nucleation layer disposed over the first surface of the substrate, wherein the 
phosphide nucleation layer provides diffusion dopants of phosphorus (?) atoms to the first 
diffusion region; and 

an arsenide layer disposed over the phosphide nucleation layer, wherein the arsenide 
layer provides diffusion dopants of arsenic (As) atoms into the second diffusion region in 
response to the thickness of the phosphide nucleation layer, wherein the first diffusion region 
has a higher concentmtion of P atoms than As atoms. 

1 1 9. (New) The multi-junction solao" cell of claim 118, further comprising a second surface 
situated at the bottom of the multi-junction solar cell. 

120. (New) The multi-junction solar cell of claim 1 18, wherein the second diffusion region 
has a higher concentration of As atoms than P atoms. 
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